INTRODUCTION
Animal movement patterns are among the most fundamental aspects of animal ecology. The ranging behavior of an individual or group is determined in part by its taxon-specific physiological, ecological, and social requirements (Jetz et al. 2004) , and ranging behavior may in turn be an important determinant of populationlevel phenomena such as population density, mating system, group size and composition, and population growth rate. Understanding a population's space requirements and patterns of movement is critical for conservation planning, and also plays an important role in studies of many aspects of animal behavioral ecology (Isbell et al. 1999) . Accordingly, quantification of animal movement patterns is an important component of many ecological studies.
A variety of field methods have been developed to estimate animal travel distances and ranging patterns, including mark-recapture studies (Plissner and Gowaty 1996, Priotto et al. 2002) , aerial surveys (Serneels and Lambin 2001), the use of radio or satellite transmitters to assist in tracking animals (Corbin and Schmid 1995, Bonfil et al. 2005) , and visually tracking known individuals or groups. The method chosen in a given study may depend on budgetary considerations, but is also likely to be affected by the characteristics of the animals and their environments. Technological solutions such as aerial surveys and the use of satellite transmitters are useful in open environments, but are often ineffective in studies of animals living in forested environments with a relatively closed canopy. Similarly, mark-recapture studies and the use of radio transmitters are only possible for animals that can be safely captured and re-released without affecting their natural behaviors. Therefore, for researchers working with endangered arboreal animals in forested environments, foot tracking of known individuals or groups is often the method of choice. This method has the advantage of providing detailed information about the movements of known individuals or groups, but is labor-intensive, and imposes many logistical challenges. Observers may have difficulty finding or maintaining contact with small, nocturnal, or cryptic animals (Gursky 1998). Animals may also be wary of observers, requiring extensive habituation before they can be monitored regularly (Tutin and Fernandez 1991) . When animals travel rapidly, over large areas, or across difficult terrain, human observers may find following them impossible. Finally, even when routine monitoring of the animals is
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Key words: Daily path length, Gibbon, Primate, Siamang ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ feasible, the accurate measurement of travel distances and mapping of locations can impose technical challenges. In this study, I collected movement data from five groups of wild siamangs (Symphalangus syndactylus) using two different methods simultaneously, in order to compare the advantages and disadvantages of each method, and to establish guidelines for future studies of animal movement in this and related species. Siamangs are arboreal primates inhabiting forested areas of Sumatra and peninsular Malaysia. Siamangs and other gibbons (family Hylobatidae) defend relatively small home ranges ( 15 90 ha) throughout the year, and have relatively short mean daily path lengths (DPL) of 700 1,700 m (Chivers 2000, Bartlett 2007). However, within these parameters, gibbons are reported to display substantial inter-specific and intra-specific variation in ranging and movement patterns (Chivers 1987 , Bartlett 2007 . Researchers are often forced to compare results generated using different methods, making it difficult to assess the importance of fine-scale inter-population variation.
Researchers have used a variety of methods to monitor gibbon movement patterns (Chivers 1974) . A method frequently used for collecting spatial data on gibbons is to map the location of the focal group or individual at regular intervals and use these data to plot home ranges, and to estimate DPL by calculating the straight-line distances between mapped points. Sampling intervals in previous gibbon studies using this method ranged from 10 minutes (Chivers 1974 , Srikosamatara 1987 , Ahsan 2000 to 30 minutes (Bartlett, 1999) . However, in many gibbon field studies, researchers did not include routine collection of travel distance or ranging patterns (Palombit 1995), or sampled movement patterns only sporadically and opportunistically (Kappeler 1981 , Cheyne 2004 . These decisions were in most cases made for pragmatic reasons, as monitoring gibbon locations in space requires complete habituation of the gibbons to human observers, can be labor intensive and can interfere with the collection of other types of behavioral or ecological data.
The collection of spatial data (i.e., data recording the actual or relative location of animals in two-dimensional or three-dimensional space) is desirable for many reasons. Spatial data may be used for many purposes, including mapping home ranges, calculating of DPL, and conducting analyses of range overlap and territory size (in territorial animals), and of daily, seasonal, and annual patterns of range use. Therefore, the collection of spatial data is a routine part of many observational field studies. However, mapping actual locations of highly mobile study animals at regular intervals in a complex environment requires a network of well-demarcated landmarks of known location. Therefore, considerable time must be invested in the development and mapping of a trail system prior to the collection of behavioral data. Furthermore, mapping of the location of mobile animals at fixed time intervals may also require substantial labor for observers, as at any given point in time, the animal may be some distance from a previously mapped place marker, requiring that the new location be mapped between sampling intervals. Therefore, the time and opportunity cost for researchers can be considerable. Furthermore, calculations of DPL based on straight-line distances between mapped locations tend to underestimate actual travel paths, producing bias that varies across taxa (Isbell et al. 1999 ).
An alternative method of estimating DPL, pacing the travel route of an individual animal to estimate actual travel distance, has been used in several studies of wild primates (Watts 1991 , Yamagiwa and Mwanza 1994 , Isbell et al. 1999 . This method has the advantages of not requiring the production of detailed maps and the placement of markers of known location throughout the home range of the target animal, not requiring the use of any additional equipment, and being compatible with the concurrent collection of behavioral data by a single observer, but the disadvantage of producing data that cannot be used in analyses of patterns of movement in two or three dimensions. This method is promising for gibbon studies for which mapping is impractical, as it involves little in the way of time or opportunity costs for the observer. However, it is not yet clear whether pacing data (which estimate actual path length) are directly comparable to data produced through the use of spatial data (which calculate the shortest travel distance between points mapped at regular intervals).
Three field assistants and I collected movement data from five groups of wild siamangs using two different methods simultaneously: pacing under the focal animal and mapping the focal animal's location at 15-minute intervals. The resulting estimates of daily path length were compared in order to determine the reliability of each method, and the comparability of different methods of daily path length estimation. The mapping data were also subsampled and compared at different sampling intervals to assess the effects of sampling interval on daily path length estimates in gibbons.
METHODS

Study Area
The Way Canguk Research Station is located in the southern part of the Bukit Barisan Selatan National Park on the island of Sumatra, Indonesia, at an elevation of 50 meters above sea level (Fig. 1) . The research area, which is run collaboratively by the Wildlife Conservation Society-Indonesia Program (WCS-IP) and the Indonesian Ministry of Forestry's Department for the Protection and Conservation of Nature (PHKA), encompasses 900 hectares of forest. The study area consists of a mosaic of primary forest and
